We present distance scale measurements from the baryon acoustic oscillation signal in the CMASS and LOWZ samples from the Data Release 12 of the Baryon Oscillation Spectroscopic Survey (BOSS). The total volume probed is 14.5 Gpc 3 , a 10 per cent increment from Data Release 11. From an analysis of the spherically averaged correlation function, we infer a distance to z = 0.57 of D V (z)r 
INTRODUCTION
The Data Release 12 (DR12, Alam et al. 2015) 1 of the Baryon Oscillation Spectroscopic Survey (BOSS, Dawson et al. 2013 ) represents a major milestone in the history of baryon acoustic oscillation (BAO) observations, and in general, of cosmic distance scale measurements. The unprecedented precision goal of 1 per cent in a cosmological distance was achieved in Data Release 11 (Anderson et al. 2014 ) and has not been matched since then, even by local expansion rate measurements. Improvements are expected in the next few years extending to higher redshifts with the extended BOSS survey (Dawson et al. 2015) and HET-DEX (Hill et al. 2008) . Substantial improvements are not expected until results are available from the next generation of experiments, including EUCLID (Laureijs 2009; Laureijs et al. 2011) , LSST (LSST Dark Energy Science Collaboration 2012), SKA (Bull et al. 2015) , WFIRST (Spergel et al. 2013a,b) , and DESI (Mostek et al. 2012; Levi et al. 2013 ).
This breakthrough is the continuation of a ten-year history of BAO observations. Early BAO measurements by Eisenstein et al. (2005) , using a previous incarnation of the SDSS survey, and Cole et al. (2005) , using the 2dF survey, paved the way for modern BAO measurements from galaxy surveys such as the 6dFGS (Beutler et al. 2011) and WiggleZ (Blake et al. 2011) . Later measurements reconstructed the linear density field in order to improve distance scale constraints Padmanabhan et al. 2012) , including existing distance measurements (Padmanabhan et al. 2012; Kazin et al. 2014; Ross et al. 2015) and the new BOSS measurements (Anderson et al. 2012 (Anderson et al. , 2014 .
BOSS has populated the distance-redshift diagram with four new data points, two from the clustering of galaxies (Tojeiro et al. 2014; Anderson et al. 2014) and two from the two-point function of the transmission flux in the Lyman-α forest (Font-Ribera et al. 2014a; Delubac et al. 2015) . The enormous volume probed by these samples has been key to providing low-uncertainty distance scale measurements, which have become an invaluable input for most state-ofthe art cosmological analyses.
Baryon acoustic oscillations distance measurements using BOSS galaxies have traditionally been determined using two different galaxy samples: The "Constant Stellar Mass" sample, or CMASS, covering redshifts in the range 0.43 < z < 0.70 and a fiducial redshift of 0.57, and the low-redshift sample, or LOWZ, covering redshifts of 0.15 < z < 0.43 with an effective redshift of 0.32 (Reid et al. 2016, companion paper) .
The Data Release 12 represents an increment of 10 per cent in area, volume, and number of galaxies over Data Release 11. The main paper Anderson et al. (2016, in preparation) (hereafter the Final Data Release paper) offers an analysis of the same DR12 sample not split into LOWZ and CMASS, but combined optimally together. Here instead as part of the BOSS legacy, we present the distance scale measurements from the traditional LOWZ and CMASS measurements, which serve a two-fold purpose. The constraining power of the results in Anderson et al. (2016, in preparation) can be tested against the traditional analysis (this paper), hence being a benchmark of the new analysis techniques.
1 http://sdss.org/dr12 Moreover, the results presented here can be readily compared with previous BOSS Data Releases, which provides more transparency to our final results.
This analysis not only benefits from new data. We also take advantage from an updated version of the systematic weights (Ross et al. 2016, in preparation) to account for spurious large scale fluctuations in the galaxy number density due to observational systematic effects. We have also updated the set of mocks to compute the covariance matrix to the new Quick-Particle-Mesh, or QPM, mocks (White, Tinker & McBride 2014) . The QPM mocks, which are generated using a new methodology and with a cosmology closer to current constraints than the mocks used in DR11, result in an improved measurement not only in terms of the formal statistical errors and covariances but also offer a reliable, more robust determination of the cosmic distance scale and its uncertainty. This paper is organized as follows: in Section 2 we describe the final statistics of the LOWZ and CMASS samples of BOSS. Section 3 discusses the mocks and tests our fitting techniques. Section 4 presents the results of the isotropic and anisotropic fittings of the two-point function of LOWZ and CMASS in configuration space (and compares them with those in Fourier space), Section 5 discusses the cosmological implications of these distance measurements, and Section 6 summarizes our conclusions.
DATASETS
This paper uses data from the Data Release 12 (Alam et al. 2015) of the Baryon Oscillation Spectroscopic Survey (BOSS) (Eisenstein et al. 2011) . The BOSS survey uses the SDSS 2.5 meter telescope at Apache Point Observatory (Gunn et al. 2006 ) and the spectra are obtained using the double-armed BOSS spectrograph (Smee et al. 2013) . The data are then reduced using the algorithms described in Bolton et al. (2012) .
The target selection of the CMASS and LOWZ samples, together with the algorithms used to create large scale structure catalogues (the mksample code), are presented in the companion paper Reid et al. (2016) .
The LOWZ sample contains 361,762 galaxies in the range 0.15 < z < 0.43, with 248,237 in the North Galactic Cap (NGC) and 113,525 in the South Galactic Cap (SGC). The CMASS sample contains 777,202 galaxies in the range 0.43 < z < 0.70, with 568,776 in the NGC and 208,426 in the SGC. This total of 1,138,964 galaxies is used in our analysis (see Table 1 ).
The area covered by these samples is shown in Table 2, including a comparison with the coverage in Data Release 11. The sky coverage in CMASS sample has increased by 11.9 per cent whereas that of the LOWZ sample has increased by 13.6 per cent. The LOWZ area is slightly smaller than the CMASS area mainly because some regions of LOWZ were targeted with a different selection (Reid et al. 2016, companion paper) . Those regions however will be included in the analysis shown in Anderson et al. (2016, in preparation) . The total volume (assuming our fiducial cosmology described in Section 3) that the LOWZ and CMASS galaxies occupy amounts to a total of 14.5 Gpc 3 , out of which 10.8 Gpc 3 corresponds to CMASS and 3.7 Gpc 3 corresponds to LOWZ. We also compute the effective volume V eff , defined as:
where P0 is an estimate of the amplitude of the power spectrum at the BAO scale, here assumed to be P0=20,000 h −3 Mpc 3 (as in Anderson et al. 2014) , and n(z) is the galaxy number density. In Anderson et al. (2016, in preparation ) the value used is 10,000 h −3 Mpc 3 following Font-Ribera et al. (2014b) . For a comparison of volumes in different cosmologies and P0 values see Table 3 .
We then compute the FKP-weighted (Feldman, Kaiser & Peacock 1994) correlation functions using the LandySzalay estimator (Landy & Szalay 1993) , with a random catalogue 2 generated by the mksample code (see Reid et al. 2016, companion paper) to match the geometry, redshift distribution, and completeness of the survey. These functions include the corrections for systematic effects described in 2 The size of the random catalogue is 50 times the size of the data samples, and in the case of the QPM mocks we use 20 times the size of the mock catalogues. Ross et al. (2016, in preparation) , which account for correlations between the observed galaxy density of the CMASS sample and stellar density in the sky and seeing. We also include weights that correct for close pairs (fibre collisions) and redshift failures in these samples. A detailed description of the observational systematic weights and their effect on the measured clustering will be provided in Ross et al. (2016, in preparation) . As shown in Ross et al. (2012) , these weights compensate for the systematic effect by interpolating the observed deficit in the number density of galaxies as a function of the systematic, and weighting by the inverse of this deficit. The systematic that has a larger effect in the measured correlation function is stellar density, with seeing providing a more modest correction. Fibre collision weights are very significant at small scales, although their contribution to the clustering is negligible at the BAO scale. Redshift failure weights also show a rather small effect in the measured clustering. Again, this topic will be revisited in the context of the DR12 samples in Ross et al. (2016, in preparation) , where any impact on the measured BAO scale is found to be negligible. The resulting correlation functions for CMASS and LOWZ are shown in Figure 1 , where we display the pre-reconstruction correlation functions with a dashed line. As in Anderson et al. (2014) , we also apply density field reconstruction (Padmanabhan et al. 2012) to our samples, which we test on mock galaxy samples in Section 3. The resulting post-reconstruction correlation functions are plotted with a solid line. Also displayed for reference is the correlation function from the previous Data Release 11 (recomputed using the fiducial cosmology used in this paper) with a fainter line.
METHODOLOGY
The mock catalogues and error estimates are computed with a fiducial cosmology that is close to the best-fit Planck+BOSS cosmology, such that they faithfully produce the covariances and fitting errors of the data. Our fiducial cosmology is given by the following set of cosmological parameters 3 : Ωm=0.29, ΩΛ=0.71, Ω k =0, Ω b h 2 =0.02247, Ων h 2 = 0.0, w = −1, wa = 0, h = 0.7, ns = 0.97, and σ8=0.8. The choice of this cosmology is motivated by our Planck+BAO (i.e. Planck+LOWZ+CMASS+6dF+LyA) constraints in Anderson et al. (2014) in the ΛCDM model, and the fact that the fiducial cosmology in Anderson et al. (2014) 5 . The fiducial value of the sound horizon scale used in the analysis in Anderson et al. (2014) (r d,fid =149.28 Mpc) is now ruled out by more than 6σ from its inferred value using Planck temperature and polarization data in a ΛCDM model where the effective number of relativistic species is set to the standard value of N eff =3.046. The fiducial value used in Anderson et al. (2016, in preparation) is r d,fid =147.78 Mpc, consistent with the constraints from the Planck observations for a standard ΛCDM model.
The analysis of the clustering of galaxies in Data Release 12 uses two sets of mocks in order to estimate the 5 http://camb.info covariance matrix. These are the QPM mocks (White, Tinker & McBride 2014) and the MultiDark-Patchy BOSS DR12 mocks, hereafter MD-Patchy 6 (Kitaura et al. 2015 , -companion paper-, Kitaura, Yepes & Prada 2014 . Both were generated to match the footprint and number density of the CMASS and LOWZ samples from Data Release 12. We have fitted the DR12 correlation function using both covariance matrices; the QPM mocks return a slightly larger error bar. Since we find no compelling reason to choose one set of mocks over the other, we will adopt a conservative approach and from now on we discuss the results that quote a larger statistical uncertainty, corresponding to those using the QPM covariance matrix only. The values of cosmological parameters for both cosmologies are shown in Table 4 and the fiducial distances to z = 0.32 and z = 0.57 in Table 5 .
The data catalogues have been carefully tested for systematics. A thorough study of systematics in LOWZ and CMASS galaxy samples is presented in Ross et al. (2016, in preparation) . All the systematic effects found to correlate Table 5 . Fiducial distances and Hubble parameters for the cosmologies of the QPM and MD-Patchy mock catalogues, computed at the fiducial redshifts of LOWZ (z = 0.32) and CMASS (z = 0.57) assuming a ΛCDM cosmological model. Our choice for the fiducial cosmology corresponds to the cosmology of the QPM mocks. The sound horizon at radiation drag r d was evaluated using CAMB. For comparison we include the values corresponding to the fiducial cosmology in Anderson et al. (2015) . with galaxy density of these samples are compensated by assigning weights to each galaxy. After including all these systematic weights, and combining them with the corrections from close pairs and redshift failures, we compute the clustering of the resulting samples in our fiducial cosmology. We adopt the reconstruction technique which has been applied regularly in galaxy surveys since Padmanabhan et al. (2012) to partially remove the effect of non-linearities on the uncertainties in cosmic distance measurements (Eisenstein, Seo & White 2007; Crocce & Scoccimarro 2008) . A bias parameter of b = 1.85 for both samples (Anderson et al. 2014; Tojeiro et al. 2014 ) and a redshift space distortion parameter β = b −1 d ln D/d ln a from the QPM cosmology (β = 0.4128 for the central redshift of CMASS, β = 0.3628 for LOWZ) is assumed. For the mocks, a bias of b = 2.1 and a value of β = 0.3607 for the central redshift of CMASS, β = 0.3353 for LOWZ are adopted. The difference in the bias is due to the relative amplitude of the clustering of the mocks and the data at scales of 30 h −1 Mpc with respect to the clustering of the dark matter in our fiducial cosmology. In all cases a Gaussian kernel of 15 h −1 Mpc is applied to smooth the galaxy density field when applying reconstruction. The effects of the particular choice of the smoothing length are studied in detail in the companion paper Vargas-Magaña et al. (2015) . Figure 2 shows the monopole and quadrupole of the QPM mock correlation functions pre-reconstruction (blue) and post-reconstruction (red) for the CMASS and LOWZ samples. The shaded region represents the standard deviation of the mock correlation functions around their average, which is displayed with a dashed line. For reference we include the observed correlation functions from Data Release 12 as dotted lines. We note that as in Anderson et al. (2014) , the covariance matrix computed from the mock catalogues has been corrected using the corresponding Hartlap factors (Hartlap, Simon & Schneider 2007) for our number of mocks, number of fitting parameters, and number of bins (see Percival et al. 2014).
BAO FITTING RESULTS
In this section we present the results of the isotropic and anisotropic BAO fittings in this paper. We compute the correlation functions in 8 h −1 Mpc bins and consider scales in the range 30 h −1 Mpc to 180 h −1 Mpc for the fitting procedure. This binning size and fitting range is close to optimal (see Ross et al. 2016, in preparation) .
We fit the correlation functions shown in Figure 1 to a template based on the matter power spectrum for our fiducial cosmology generated by the Boltzmann code CAMB (Lewis, Challinor & Lasenby 2000) . We construct a template in which the correlation function for the fiducial model is convoluted with a Gaussian to reproduce the damping effect on the BAO due to non-linearities (Eisenstein, Seo & White 2007 ) calibrated on the average of our 1000 mocks (see Section 4.1). Hereafter this template is designated as the 'de-wiggled' template ξ de-wiggled , which we use in our isotropic and anisotropic BAO fittings. We then marginalize over the amplitude and the smooth shape of the correlation function introducing three nuisance polynomial terms and a nuisance amplitude term. The resulting fitting function is therefore:
where A0, A1 and A2 are parameters that try to capture any smooth deviation from our template due to large-scale systematics and non-linear bias, and B0 is a normalization parameter. All these four coefficients are nuisance parameters which are marginalized over in our fittings. Further details on the fitting methodology used here can be found in Vargas-Magaña et al. (2016, in preparation) .
In the anisotropic fittings we fit for both α and (see e.g. Xu et al. 2013) , which are related to the angular diameter distance DA(z) and Hubble parameter H(z).
c 0000 RAS, MNRAS 000, 000-000 . These parameters are related to the dilation factors in the line of sight and the perpendicular directions, α and α ⊥ , as follows:
which in turn can be written in terms of the angular diameter distance and Hubble parameter via:
The isotropic fittings, which fit for the parameter α, can be used to determine the value of the angle-averaged distance DV (z), which we also report in this paper:
. A comprehensive analysis of the fitting systematics is presented in Vargas-Magaña et al. (2016, in preparation) . We refer the reader to that paper for further details. Figure 3 displays the post-reconstruction DR12 correlation functions, for CMASS (left panels) and LOWZ (right panels), together with their best-fitting models. The top panels show the monopole of the correlation function, the bottom panels present the quadrupole. The model of equation 2 fits really well the data, with a goodness of fit of χ 2 =25 for LOWZ and 26 for CMASS, for 26 degrees of freedom (36 data points minus 10 fitting parameters).
Mock fitting results
We begin with the results from fitting the QPM mocks. We use 956 mocks for the CMASS sample and 1000 for LOWZ. We compute the median and standard deviations of the geometric parameters α, , α , and α ⊥ and present them in Table 6 . Since our fiducial cosmology corresponds to the input cosmology of the mocks, we expect that on average = 0 and α = α = α ⊥ = 1. Indeed, our recovered parameters values are not biased in any of the pre-reconstruction or post-reconstruction samples. Moreover, the scatter in the measurements provide an approximate idea of the uncertain- 
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LOWZ post-recon Figure 3 . The correlation function of CMASS galaxies (left panels) and LOWZ galaxies (right panels). Top panels show the monopole of the correlation function post-reconstruction, bottom panels display the quadrupole of the correlation function. Error bars represent the square root of the diagonal elements of the covariance matrix. In all panels the best-fitting model is presented for reference (solid lines, see text for more details).
ties we should expect in the data. Post-reconstruction the typical uncertainty in DA(z) and H(z) is 2.5 per cent and 5.2 per cent respectively for LOWZ, and is 1.6 per cent and 3.1 per cent for CMASS.
The distribution of the uncertainties recovered in the BAO fittings of the mocks are shown in Figure 5 for LOWZ and Figure 6 for CMASS, respectively. The blue lines present the distribution before applying density field reconstruction and in red lines the distribution after reconstruction. Overall there is an improvement in the uncertainties of all the geometric parameters for both LOWZ and CMASS samples after reconstruction. A mock-by-mock comparison of the performance of the reconstruction technique on individual mocks can be seen in Figure 4 . In this figure each point represents a mock, and its location is given by its uncertainty pre-and post-reconstruction. The points in the region below the red line represent those mocks where reconstruction reduced the uncertainty in the corresponding parameter. In CMASS the vast majority of mocks are improved due to reconstruction, whereas a lower fraction of LOWZ mocks found that improvement. In particular, for σα only 3.2 per cent of the CMASS mocks (8.7 per cent of the LOWZ mocks) were not improved post-reconstruction. For σα ⊥ this fraction was 1.8 per cent for CMASS (5.8 per cent for LOWZ), and for σα this was 6.9 per cent for CMASS (13.2 per cent for LOWZ).
Data fitting results
We now apply our isotropic and anisotropic fitting analysis to the LOWZ and CMASS Data Release 12 galaxy catalogues. The results are presented in Table 7 . Compared to the average values found in the mock catalogues, the constraint on α ⊥ is better than expected, whereas the constraint on α is slightly worse. For comparison, we show the Data Release 11 constraints from Anderson et al. (2014) along with our new results in Table 8 . There is a slight decrease in the constraining power of the new results for the CMASS sample mainly due to the change in the methodology of generating the mock catalogues. Although the fitting results using MD-Patchy mocks are found to be more constraining than those from QPM mocks, we prefer to err on the conservative side and quote the results from QPM mocks. A comparison of the results with both sets of mocks is revisited in Anderson et al. (2016, in preparation) .
The significance of the BAO detection, however, has increased from Data Release 11 to Data Release 12. Figure 7 presents the χ 2 surface from the isotropic fitting of the DR12 correlation functions. Solid lines represent the difference between χ 2 (α) and its value at the best-fit χ 2 min using our de-wiggled template. Dashed lines show the same when trying to fit the data using a template without a BAO peak (Eisenstein & Hu 1998) . The red lines correspond to LOWZ galaxies, blue lines correspond to CMASS galaxies. In this figure the position of the BAO peak is detected with 10σ for CMASS and 5σ for LOWZ, whereas the presence of BAO in the correlation function is detected at 8σ for CMASS and 4σ for LOWZ. An apparent decrease in the significance of BAO with increasing α (measured by the difference between the solid and the dashed lines) is seen in this plot. This decrease is caused by our methodology in which the whole de-wiggled template (not just the BAO component) is shifted by α to fit the data, so the ability of our model in equation 2 to reproduce the shape of the correlation function given the different size of the error bars at CMASS pre-recon 1.0185 ± 0.0147 −0.0162 ± 0.0197 +0.4127 0.9858 ± 0.0472 1.0352 ± 0.0200 -0.5169 26.1/26 CMASS post-recon 1.0051 ± 0.0098 −0.0305 ± 0.0141 +0.4169 0.9446 ± 0.0324 1.0368 ± 0.0142 -0.5671 25.6/26 Table 8 . Comparison of DR11 and DR12 fitting results from the correlation function of LOWZ and CMASS. The value of α from the isotropic fitting is labelled as α iso to distinguish it from the value from the anisotropic fitting. The DR11 results are taken from Table 10 of Anderson et al. (2014) and Table 3 of Tojeiro et al. (2014) . They correspond to the ones quoted from the correlation function analysis (for a single bin centre choice and de-wiggled template where available), and have been re-scaled to the fiducial cosmology in this paper.
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Post-Reconstruction α iso α α iso α 
Consensus values from ξ(s) and P (k)
This section combines the fitting results from the two-point statistics measuring the clustering in configuration space (i.e. the correlation function, described in this paper) and in Fourier space (i.e. the power spectrum, described in the companion paper Gil-Marín et al. 2016) . As in Data Release 11, these are expected to be highly correlated but sensitive to the clustering in different scale ranges. In configuration space we also take into account that the measurement shows some scatter depending on the position of the bin centres, the resulting value is labelled as combined ξ(s). The methodology we follow to combine the results from correlation function and power spectrum was described in Section 4.3 of Anderson et al. (2014) . A brief summary goes as follows: we compute the correlation coefficient r between ξ(s) and P (k) measurements using the fitting results of the mocks, from which we find a correlation of 0.91 for LOWZ and 0.90 for CMASS. The consensus value is then computed as the average of the α measurements from the DR12 ξ(s) and P (k), with an error bar of σ((1 + r)/2) 1/2 , where σ is the average of the σα values from ξ(s) and P (k). We show in Table 9 the median and scatter from ξ(s) and P (k) measurements from QPM mocks, as well as the consensus value that combines both.
We now apply the same methodology to the observations reported in this paper. The fitting results from Data Release 12 CMASS and LOWZ galaxies are shown in Table 10. Since the results are highly correlated, the scatter is only slightly reduced due to the combination of both measurements, with respect to the uncertainty on each individual measurement. The good agreement between the BAO Estimator α χ 2 /dof DR12 LOWZ Consensus P (k) + ξ(s) (stat+syst) 1.0370 ± 0.0177 -Consensus P (k) + ξ(s)
1.0370 ± 0.0172 -combined ξ(s)
1.0251 ± 0.0169 -post-recon P (k)
1.0489 ± 0.0183 56/43 post-recon ξ(s)
1.0230 ± 0.0170 9/15 pre-recon P (k)
1.0061 ± 0.0306 36/43 pre-recon ξ(s)
1.0085 ± 0.0300 13/15 DR12 CMASS Consensus P (k) + ξ(s) (stat+syst) 1.0047 ± 0.0099 -Consensus P (k) + ξ(s)
1.0047 ± 0.0090 -combined ξ(s)
1.0064 ± 0.0096 -post-recon P (k)
1.0029 ± 0.0088 37/38 post-recon ξ(s)
1.0093 ± 0.0097 26/15 pre-recon P (k)
1.0101 ± 0.0152 38/38 pre-recon ξ(s)
1.0153 ± 0.0134 12/15
Summary of the fitting results
From the isotropic fittings of the CMASS correlation function, and after accounting for systematic errors, we infer that DV (z = 0.57)/r d = 13.87 ± 0.19 (pre-reconstruction) and 13.79±0.14 (post-reconstruction). Combining with postreconstruction P (k) BAO fittings, a consensus value of DV (z = 0.57)/r d = 13.73 ± 0.14 is obtained, slightly less constraining than the DR11 measurement of 13.77 ± 0.13. From the isotropic fittings of the LOWZ correlation function we infer that DV (z = 0.32)/r d = 8.47 ± 0.25 (prereconstruction) and 8.59 ± 0.15 (post-reconstruction). The combination of the latter with the fitting of BAO in the power spectrum post-reconstruction returns a consensus value of DV (z = 0.32)/r d = 8.71 ± 0.15 which improves the DR11 measurement of 8.47 ± 0.17. The difference between P (k) and ξ(s) measurements is slightly larger in LOWZ than in CMASS, which might explain the difference with the DR11 value despite the small increase in the sampled volume. The post-reconstruction value for the correlation function will be used in our MCMC chains when the isotropic BAO results are included. If the anisotropic BAO results are used instead, then we use the two-dimensional likelihood surface P (DA, H) ∝ exp(−0.5χ 2 (DA, H)) from the anisotropic fitting without any Gaussian approximation.
We summarize the distance constraints from the anisotropic BAO analysis of the correlation function of the CMASS and LOWZ samples from the Data Release 12 of the Baryon Oscillation Spectroscopic Survey in Table 11 . Post-reconstruction, our measurements imply a 1.5 per cent determination of DA(z = 0.57) and a 2.0 per cent measurement of DA(z = 0.32), determining the expansion rate H(z) with a precision of 3.7 per cent at z = 0.57 and 7.1 per cent at z = 0.32. The isotropic fittings produce a 1.0 per cent measurement of the distance to redshift z = 0.57 and a 1.7 per cent determination of the distance to z = 0.32. All the uncertainties quoted assume that the sound horizon scale is known to within a much better precision and therefore its contribution to the error budget is negligible, which is the case in ΛCDM and the models studied in Section 5, but not necessarily in more general cosmological models. In that case, the uncertainties above would be valid for the quantities DA(z)/r d and H(z)r d , but not for DA(z) and H(z). Figure 8 compares the distance constraints from the post-reconstruction isotropic and the anisotropic analysis. Contours represent the anisotropic fitting of CMASS and LOWZ and dashed lines the isotropic fitting. In both cases we show the 1-sigma and 2-sigma constraints. The faint contours in the left panel show the DR11 CMASS constraints for comparison. We also include, for reference, the constraints from a Planck 2015 ΛCDM model (Planck Collaboration et al. 2015b ) colour-coded according to the corresponding value of the Hubble constant (colour points). We note that the DR12 CMASS contours have shifted slightly upwards compared to DR11, favouring larger values of H(z = 0.57)r d /r fid d . However, this change is not large enough to make our measurement inconsistent with the ΛCDM model prediction from Planck 2015.
COSMOLOGICAL INTERPRETATION
In this section we infer the constraints from the BOSS Data Release 12 BAO measurements on the cosmological parameters from different cosmological models. Anderson et al. (2014) with the same cosmological datasets except for the DR12 BAO measurements reported in this paper, addressing the improvement from our updated BAO measurements on constraining the cosmological parameters. Second, we want to take advantage of more powerful cosmological datasets not available at the time of Anderson et al. (2014) to obtain updated cosmological constraints that can be compared with current literature, such as Planck Collaboration et al. (2015b) . We begin with a comparison to the results in Anderson et al. (2014) . Here we combine our BAO measurements with Cosmic Microwave Background (CMB) data from Planck+WP (Planck Collaboration et al. 2014) , which hereafter we refer to as Planck13, or simply as Planck. The current CMB measurements from the Planck satellite (Planck Collaboration et al. 2015a ) are referred to as Planck15. Figure 9 displays the cosmological constraints from Planck13 and our Data Release 12 BAO constraints (blue contours) compared to those from the same CMB data combined with Data Release 11 BAO (red contours). The results are shown for the different cosmological models studied here: flat Universe (left panels) where dark energy is described by a cosmological constant (ΛCDM, top panel), dark energy with constant but arbitrary equation of state (wCDM, middle panel), and with a time-dependent equation of state (w0waCDM, bottom panel). Also shown are their non-flat versions where curvature is a free parameter (right panels: oΛCDM, owCDM, ow0waCDM respectively). The following priors are assumed: −0.1 < Ω k < +0.1, −3 < w0 < +1, and −3 < wa < +3. As readily seen in this plot, the change from DR11 is incremental. Furthermore, we have checked that the small decrease in the size of these contours is mostly driven by the smaller error bar in the DR12 LOWZ distance constraint.
A full compilation of our cosmological results is presented in Table 12 . In these MCMC chains, when we include the Type-1a Supernovae data we use the Union 2 compilation by the Supernovae Cosmology Project (Suzuki et al. 2012 ) for direct comparison with Anderson et al. (2014) . We include the low-redshift BAO measurement from the 6-degree field galaxy redshift survey (6DF) (Beutler et al. 2011) , and the Lyman-α BAO measurements from Delubac et al. (2015) and Font-Ribera et al. (2014a) 8 . This table reveals that the combination of CMB+BAO+SN greatly improves the constraints on curvature and dark energy. There is an improvement in the Figure of Merit of dark energy (Albrecht et al. 2006) of 10 per cent with respect to our CMB+BAO+SN results from Data release 11 and a 50 per cent improvement if the SN sample is replaced by the recent JLA compilation from Betoule et al. (2014) . Now we study the constraints from the BAO in CMASS and LOWZ combined with the recent Planck15 temperature plus polarization power spectrum (Planck Collaboration et al. 2015c); these results are shown in Table 13 . In or- Table 11 . Distance constraints from the analysis of the BAO in the correlation function of CMASS and LOWZ samples. We quote our results on the angle-averaged distance D V (z), the angular diameter distance D A (z), the Hubble parameter H(z), and the correlation ρ D A ,H between D A (z) and H(z). A fiducial sound horizon value of r fid d =147.10 Mpc is assumed. The distance constraints are quoted at redshift z = 0.57 for the CMASS sample and z = 0.32 for the LOWZ sample. The error bars in these constraints include the contribution from the systematic error budget. der to present the most up-to-date results we also replace the Union 2 Supernovae sample with the more recent JLA compilation (Betoule et al. 2014) . The low-redshift BAO measurement of 6DF here is combined with that from the SDSS Main Galaxy Sample (MGS) sample (Ross et al. 2015) .
Since the results in Table 13 are more constraining, we will focus on them. The ΛCDM constraint on the Hubble constant has an error bar nearly half its size for the CMB only case in Planck Collaboration et al. Cuesta et al. (2015) . The ΛCDM cosmology is completely consistent with the fiducial cosmology adopted in Anderson et al. (2016, in preparation) . The curvature is also reported here with an error bar half its size in Planck Collaboration et al. (2015b) for the CMB+BAO+JLA+H0 dataset combination (ΩK = 0.0008 ± 0.0040) and is consistent with flatness. The equation of state of dark energy is also reported with an error bar half its size in Planck Collaboration et al. (2015b) for the CMB+BAO+JLA+H0 dataset combination (w = −1.02 ± 0.08) and is consistent with a cosmological constant. The figure of merit from the combination Planck13+DR11+Union2 increases by a factor of 1.8 when using Planck15+DR12+JLA (see Figure 10) .
Finally, if one is interested in combining the updated results from CMASS with the WiggleZ (Blake et al. 2011; Kazin et al. 2014 ) results, one can use the correlation matrix in Beutler et al. (2016) (21, 65, 200, 86) Mpc. This covariance matrix contains the errors and covariances of the angle-averaged distance measurements from CMASS, the CMASS-WiggleZ cross-correlation, WiggleZ, and the high redshift WiggleZ samples. The corresponding data vector would be D = (2028, 2132, 2100, 2516) Mpc. Although we do not use this in our cosmological constraints, we find it useful since in those cases where the anisotropic constraints from CMASS are not much better than the isotropic ones (see Table 12 ), one can benefit from the extra amount of information from WiggleZ BAO measurements and their cross-correlation with CMASS. . Cosmological constraints for different cosmological models, using a combination of Planck15 TT+TE+EE power spectra, JLA SN data, and our DR12 BAO measurements (blue contours). Also shown for comparison are the constraints from Figure 9 where no supernovae data is used and Planck15 CMB data is replaced with Planck13 (red contours). The left panels assume a flat Universe: ΛCDM (top panel), wCDM (middle panel), and w 0 waCDM (bottom panel). In the right panels the curvature is a free parameter: oCDM (top panel), owCDM (middle panel), and ow 0 waCDM (bottom panel). The following priors are assumed: −0.1 < Ω k < +0.1, −3 < w 0 < +1, and −3 < wa < +3. Table 15 in Anderson et al. (2014) , we compare the cosmological constraints from combining Planck13 with distance scale measurements from BOSS DR12 galaxies as well as lower and higher redshift BAO measurements from the 6-degree field galaxy redshift survey (6DF) and the BOSS-Lyman alpha forest (LyαF), respectively. We also compare how these combinations benefit from the constraining power of type-Ia Supernovae from the Union 2 compilation by the Supernovae Cosmology Project (SN). The WMAP and eWMAP cases have been added for comparison. 'CMASS-iso' indicates the isotropic measurement from the CMASS sample, whereas the anisotropic one is referred to simply as 'CMASS'. 'LOWZ' is the isotropic measurement from the LOWZ sample. 'BAO' stands for the combination CMASS + LOWZ + 6DF + LyαF. Numbers in parenthesis represent the uncertainty in the accompanying value, e.g. 0.123 (45) 
CONCLUSIONS
In this paper we have measured the position of the baryon acoustic peak in the monopole and quadrupole of the correlation function of the CMASS and LOWZ samples from the Data Release 12 of the Baryon Oscillation Spectroscopic Survey (BOSS). The BAO peak has been detected with high significance in both samples, representing the best detection of baryon acoustic oscillations ever done by any galaxy survey so far. Using a large set of QPM mock catalogues that reproduce the clustering of the data catalogues we have tested our fitting methodology, which we find unbiased.
From the CMASS sample we have measured the distance scale to z = 0.57 as DV (z)r These constraints on the distance scale to z = 0.32 and z = 0.57 are similar to those in Data Release 11 due to the marginal difference in volume, although a small improvement is seen in LOWZ measurements. Nevertheless, these results can be considered more robust than in DR11 thanks to the improved set of mock catalogues using a novel methodology, and also due to an updated systematics weighting scheme. We realize that the predictions on the precision of the cosmic distance scale measurements made at the beginning of the BOSS survey have been partially met. The forecasted measurement precision for angular diameter distance DA(z) was 1.0 per cent, 1.0 per cent, and 1.5 per cent at z =0.35, 0.6, and 2.5, respectively, and the forecast precision for the Hubble parameter H(z) was 1.8 per cent, 1.7 per cent, and 1.2 per cent at the same redshifts (Schlegel, White & Eisenstein 2009 ). Here we report a 1.5 per cent and 2.0 per cent measurement for DA(z) at z =0.57 and 0.32, and a 3.7 per cent and 7.1 per cent measurement for H(z) at the same redshifts, respectively. It remains to be studied whether the discrepancy between the forecasted uncertainties and the measured ones (especially in H(z)) is due to a missing ingredient not included in the forecasts (in which case the future is bright for upcoming surveys to reduce the statistical errors), or on the contrary that the measurement is limited by systematics, in which case a larger survey covering our redshift range might not actually help. Whatever the case may be, the values presented in this paper should be considered as an update of those reported in Anderson et al. (2014) , and the final measurements from the BOSS survey will be reported in Anderson et al. (2016, in preparation) , in which the CMASS and LOWZ samples from Data Release 12 are combined into a single galaxy catalogue that includes additional galaxies that have traditionally been excluded from the LOWZ sample (Reid et al. 2016 , companion paper) but will be recovered in that analysis.
The cosmological constraints reported in this paper have largely benefited from updated cosmological datasets such as the Type-1a Supernovae compilation in Betoule et al. (2014) and the CMB polarization measured by the Planck satellite (Planck Collaboration et al. 2015a) . We find an improvement of the dark energy Figure of Merit of a factor of 1.8 with respect to Anderson et al. (2014) . Moreover we find that the flat ΛCDM model is an excellent fitting to the combination of CMB, BAO, and SN datasets. The values we derive for the cosmological parameters include a curvature parameter of Ω k = +0.0008 ± 0.0020, consistent with a flat geometry of the Universe, and the equation of state of dark energy being w = −1.02±0.04, completely consistent with a cosmological constant. In the ΛCDM model, the Hubble parameter is found to be H0 = 67.6±0.4 km s −1 Mpc −1 , which does not alleviate the tension with direct measurements of the expansion rate, assuming that the sound horizon scale is known with the precision claimed by Planck for this cosmological model.
Having reached the milestone of the 1 per cent precision on the distance scale using BAO, which was already achieved by the BOSS survey since Data Release 11, the future of BAO measurements is promising. Improvements are expected in the next few years extending to higher redshifts with the extended BOSS survey (Dawson et al. 2015) and HETDEX (Hill et al. 2008) . Substantial improvements are not expected until results are available from the next generation of experiments, including EUCLID (Laureijs 2009; Laureijs et al. 2011) , LSST (LSST Dark Energy Science Collaboration 2012), SKA (Bull et al. 2015) , WFIRST (Spergel et al. 2013a,b) , and DESI (Mostek et al. 2012; Levi et al. 2013) . It is undeniable, however, that the legacy of BOSS will provide an invaluable guide to analyse and interpret these surveys.
